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© Substance detection system. 

© A system for detecting the presence of a given substance, such as an explosive or a narcotic 
substance, within a monitored object (16), such as luggage, includes an X-ray scanning system (10) ; a 
prompt gamma neutron activation analysis (PGNAA) scanning system (12); a conveyor (14) for 
transporting a monitored object through the X-ray scanning system and the PGNAA scanning system. 
The X-ray scanning system provides X-ray data signals (26) in response to X-ray scanning of the 
transported monitored object The neutron analysis scanning system provides neutron analysis data 
signals (28) in response to PGNAA scanning of the transported monitored object A data processing 
system (30, 32) processes the X-ray data signals and/or the neutron analysis data signals to provide an 
indication as to whether the transported monitored object contains at least a predetermined amount of 
a given substance. Both the X-ray scanning system and the PGNAA scanning system are contained 
within a common housing (18) having common radiation shielding material (20) positioned for shielding 
persons and objects outside the housing from both X-rays and radiation generated by the neutron 
analysis scanning system. The data processing system generates discriminants from the X-ray data 
signals and the neutron analysis data signals and conditions a neural network with the discriminants so 
that X-ray data signals and the neutron analysis data signals for monitored objects having unknown 
contents can be processed in accordance with the neural network to determine whether at least a 
predetermined amount of the given substance is contained within the monitored object 
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BACKGROUND OF THE INVENTION 

The present invention generally pertains to sys- 
tems for detecting the presence of a given substance, 
such as an explosive or a narcotic, within a monitored 
object, and is particularly directed to object detection 
systems that include X-ray scanning systems and 
neutron analysis scanning systems. 

X-ray scanning systems have long been used for 
detecting the presence of various devices within a 
monitored object Typically X-ray data signals pro- 
vided by scanning the monitored object with X-rays 
are processed to provide an image of the contents of 
the monitored object The image indicates the mass 
density of the contents in different regions of the moni- 
tored object A system for scanning an X-ray image of 
a monitored object; for providing signals indicative of 
the intensity of the image at any particular point; and 
for processing the signals to apply pattern recognition 
techniques to the image for the purpose of detecting 
the presence of an explosive device in monitored mail 
is described in International Patent Application Publi- 
cation No. WO 83/00972, published March 17, 1983. 
An X-ray scanning system is contained in a housing 
that includes shielding material for shielding persons 
and objects outside the housing from the X-rays. 

Neutron analysis scanning systems have also 
been used for detecting the presence of various sub- 
stances within a monitored object. The use of thermal 
neutron analysis (TNA) scanning systems to detect 
explosives in monitored objects such as luggage is 
described in United States Patent No. 3,832,545 to 
John Bartko and in European Patent Application 
Publication No. 0295429A2, published December 21, 
1988. In these systems, the monitored object is trans- 
ported on a conveyor belt through a TNA system, 
which scans the monitored object to provide TNA data 
signals; and the TNA signals are processed by a com- 
puter to provide constituent density signals indicating 
the density of Nitrogen in the monitored object Nitro- 
gen is a principal constituent element of explosive 
substances that have been planted by terrorists in lug- 
gage, maQ and other parcels. A neutron analysis 
scanning system is contained in a housing that 
includes shielding material for shielding persons and 
objects outside the housing from radiation generated 
by the neutron analysis scanning system. 

SUMMARY OF THE INVENTION 

The present invention provides a system for 
detecting the presence of a given substance within a 
monitored object, comprising an X-ray scanning sys- 
tem; a neutron analysis scanning system; means for 
transporting a monitored object through the X-ray 
scanning system and the neutron analysis scanning 
system; wherein the X-ray scanning system is adap- 
ted for scanning said transported monitored object 



with X-rays and for providing X-ray data signals in res- 
ponse to said X-ray scanning of said transported 
monitored object; wherein the neutron analysis scan- 
ning system is adapted for scanning said transported 
5 monitored object with neutrons and for providing neut- 
ron analysis data signals in response to said neutron 
analysis scanning of said transported monitored 
object; a data processing system for processing the 
X-ray data signals for said transported monitored 

10 object and/or the neutron analysis data signals for 
said transported monitored object to provide an indi- 
cation as to whether said transported monitored 
object contains at least a predetermined amount of a 
given substance; and a common housing for both the 

15 X-ray scanning system and the neutron analysis 
scanning system, with the housing having common 
radiation shielding material positioned for shielding 
persons and objects outside of the housing from both 
X-rays and radiation generated by the neutron 

20 analysis scanning system. Such a housing decreases 
the construction costs of the system and also reduces 
the overall size of the system. 

It is also preferred that the neutron analysis scan- 
ning system be a prompt gamma neutron activation 

25 analysis (PGNAA) scanning system. 

It is preferable that the transporting means be 
adapted for transporting said monitored object 
through the X-ray scanning system prior to transport- 
ing said monitored object through the neutron 

do analysis scanning system because it is more likely 
that processing of the X-ray data signals will take 
more time than the processing of the neutron analysis 
data signals. The processing system can continue to 
process the X-ray data signals during the time that the 

35 monitored object is being transported to the neutron 
analysis scanning system so that the results of such 
processing are available when the results of proces- 
sing the neutron analysis data signals are available 
for processing in combination therewith. 

40 Accordingly the data processing system may 
include means for adjusting the processing of the 
neutron analysis signals in accordance with said X- 
ray data signals provided by the X-ray scanning sys- 
tem for said given object. 

45 Also, the neutron analysis scanning system may 
be adjusted when scanning a given object in accord- 
ance with said X-ray data signals provided by the X- 
ray scanning system for said given object 

It also is preferable that the housing include a wall 

so of shielding material between the X-ray scanning sys- 
tem and the neutron analysis scanning system for 
shielding the X-ray scanning system from the neutron 
analysis scanning system during said scanning; whe- 
rein the wall contains a door that is operable for per- 

55 mitting objects transported by the transporting means 
to be transported between the X-ray scanning system 
and the neutron analysis scanning system. In this 
embodiment the system preferably includes means 
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for detecting when a said object being transported by 
the transporting means approaches the door; and 
means for opening the door in response to detection 
said approach of said transported object so that the 
orientation of the object is not changed by contact with 5 
the door. 

It further is preferable that the system include 
means for sensing a profile of said object as said 
object is being transported by said transporting 
means and for providing object profile signals in res- 10 
ponse thereto as said object is being transported. The 
system may include means for controlling the degree 
to which the door is opened in accordance with said 
object profBe signals. The system may also include 
means for correlating the processing of said X-ray 15 
data signals and the processing of said neutron 
analysis data signals in accordance with said object 
profile signals. The system may further include means 
for means for timing the activation of the X-ray scan- 
ning means in accordance with said object profile sig- 20 
nals. 

In another aspect, the present invention provides 
a system for detecting the presence of a given subst- 
ance within a monitored object, comprising an X-ray 
scanning system; a neutron analysis scanning sys- 25 
tern; means for transporting a monitored object 
through the X-ray scanning system and the neutron 
analysis scanning system; wherein the X-ray scan- 
ning system is adapted for scanning said transported 
monitored object with X-rays and for providing X-ray 30 
data signals in response to said X-ray scanning of 
said transported monitored object; wherein the neut- 
ron analysis scanning system is adapted for scanning 
said transported monitored object with neutrons and 
for providing neutron analysis data signals in res- 35 
ponse to said neutron analysis scanning of said trans- 
ported monitored object; and a data processing 
system for processing the X-ray data signals for said 
transported monitored object and the neutron 
analysis data signals for said transported monitored 40 
object to provide an indication as to whether said 
transported monitored object contains at least a pre- 
determined amount of a given substance, wherein the 
data processor is adapted for performing the following 
data processing routines: 45 

(a) processing the X-ray data signals to deter- 
mine a mass density distribution within different 
regions of said monitored object and to provide 
mass density signals indicating said determined 
mass density distribution within said different reg- so 
ions; 

(b) processing the neutron analysis data signals 
to determine the density distribution of a given 
constituent element of said given substance 
within different regions of said monitored object 55 
and to provide constituent density signals indicat- 
ing said determined density distribution for said 
given constituent element within said different 



.regions; 

(c) processing said mass density signals pro- 
vided pursuant to routine (a) for known items hav- 
ing none or a known density distribution of said 
given constituent element in combination with 
said constituent density signals provided pur- 
suant to routine (b) for said known items to gen- 
erate discriminants for said known items; 

(d) processing said discriminants to condition a 
neural network to provide an indication of whether 
at least said predetermined amount of said given 
substance probably is present when processing 
discriminant conditioned mass density signals 
provided pursuant to routine (a) in combination 
with discriminant conditioned constituent density 
signals provided pursuant to routine (b) for said 
monitored objects in which the density distribu- 
tion of said given constituent element in said dif- 
ferent regions is unknown; 

(e) conditioning said mass density signals pro- 
vided pursuant to routine (a) and said constituent 
density signals provided pursuant to routine (b) 
for monitored objects in which the density dis- 
tribution of said given constituent element in said 
different regions is unknown in accordance with 
said discriminants; 

(f) processing said discriminant conditioned mass 
density signals provided pursuant to routines (a) 
and (e) in combination with discriminant con- 
ditioned constituent density signals provided pur- 
suant to routines (b) and (e) for said monitored 
objects m which the density distribution of said 
given constituent element in said different regions 
is unknown in accordance with said neural net- 
work to determine whether at least said predeter- 
mined amount of said given substance probably 
is present in said monitored object in which the 
density distribution of said given constituent ele- 
ment is unknown. 

Additional features of the present invention are 
described in relation to the description of the preferred 
embodiments. 

BRIEF DESCRIPTION OF THE DRAWING 

Figure 1 is a block diagram of a preferred embo- 
diment of a substance detection system according to 
the present invention. 

Figure 2 is a block diagram illustrating a group of 
data processing routines performed by the data pro- 
cessing system of the substance detection system of 
the present invention. 

DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

Referring to Figure 1, a preferred embodiment of 
the system of the present invention includes an X-ray 
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scanning system 10, a PGNAA scanning system 12, 
and a conveyor 14 for transporting monitored objects 
16 through the X-ray scanning system 10 and the 
PGNAA scanning system 12. 

The X-ray scanning system 10 and the PGNAA 
scanning system 12 are both contained in a common 
housing 18. The housing 18 has common radiation 
shielding material 20 positioned for shielding persons 
and objects outside of the housing 18 from both X- 
rays and radiation generated by the neutron analysis 
scanning system 12. 

The X-ray scanning system 10 includes an X-ray 
source and an X-ray detector. The X-ray scanning 
system 10 is adapted for scanning monitored objects 
16 transported therethrough by the conveyor 14 with 
X-rays and the X-ray detector responds to such scan- 
ning by providing X-ray data signals 26. The X-ray 
scanning system 10 preferably includes a plurality of 
X-ray sources and detectors for scanning the trans- 
ported objects 16 with multiple energy X-rays from dif- 
ferent scanning angles so that mass density 
determinations and approximate range-ofatomic- 
number determinations can be made from the X-ray 
data signals 26. 

The PGNAA scanning system 12 includes a neut- 
ron source and a PGNAA detector. The PGNAA scan- 
ning system 12 is adapted for scanning monitored 
objects 16 transported therethrough by the conveyor 
14 with neutrons and the PGNAA detector responds 
to such scanning by providing neutron analysis data 
signals 28. 

The X-ray data signals 26 and the neutron 
analysis data signals 28 are processed by a a data 
processing system that includes a first computer 30 
and a second computer 32. The first and second com- 
puters 30, 32 process the X-ray data signals 26 for a 
transported monitored object 16 and the neutron 
analysis data signals 28 for the transported monitored 
objects 16 to provide an indication as to whether the 
transported monitored object 16 contains at least a 
predetermined amount of a given substance. The first 
and second computers 30, 32 are interconnected by 
a data bus 34 to share processed data. 

An X-ray image monitor 36 also is coupled to the 
X-ray scann ing system 1 0 for displaying X-ray imag es 
of the monitored objects 16 scanned by the X-ray 
scanning system 10. A person viewing the X-ray 
image monitor 36 can make determinations based 
upon the displayed images as to whether or not the 
monitored object contains the given substance and 
thereby override possible false alarms indicated by 
the computer 30, 3Z Based upon such viewing and 
determinations, the person viewing the X-ray image 
monitor may also provide additional input data to the 
second computer 32 for processing. 

The X-ray data signals 26 may also be processed 
by the first computer 30 to determine the dimensions 
of the transported monitored objects 16. 



The conveyor 14 is adapted for transporting the 
monitored objects 1 6 through the X-ray scanning sys- 
tem 10 prior to transporting the monitored objects 16 
through the PGNAA scanning system 12, since pro- 

5 cessing of the X-ray data signals 26 by the first com- 
puter 30 typically takes longer than the processing of 
the neutron analysis data signals 28 by the second 
computer 32. The second computer 32 includes 
means for adjusting its processing of the neutron 

10 analysis signals 28 for a given object 16 In accord- 
ance with the X-ray data signals 26 provided by the 
X-ray scanning system 10 for the given object 16. 

Means (not shown) may also be provided for 
adjusting the PGNAA scanning system 12 when scan- 
ts ning a given object 16 in accordance with the X-ray 
data signals 26 provided by the X-ray scanning sys- 
tem 10 for the given object 16. 

In order to prevent the operation of the X-ray 
scanning system 10 and the operation of the PGNAA 

20 scanning system 12 from interfering with each other, 
the X-ray scanning system 10 is physically separated 
from the PGNAA scanning system 12, and at least 
one wall 38 of shielding materia] is disposed between 
the X-ray scanning system 10 and the PGNAA scan- 

25 ning system 12. Multiple wails of shielding material 
may be disposed on all sides of the PGNAA scanning 
system 12 for shielding persons and objects outside 
of the housing 18 from the radiation produced by the 
PGNAA scanning system 12. Each wall 38 contains 

30 a door 40 of shielding material mat is openable for per- 
mitting monitored objects 16 transported by the con- 
veyor 14 to be transported between the X-ray 
scanning system 1 0 and the PGNAA scanning system 
12. The door 40 is opened when an object 14 being 

35 transported by the conveyer 14 approaches the door 
40 so as not to disturb the orientation of the object 16 
on the conveyor 14 as the object 16 passes through 
the door 40. An objection detection and door opener 
system 42 is disposed for detecting when an object 1 6 

40 being transported by the conveyor 14 approaches the 
door 40 and for opening the door 40 in response to 
detection said approach of the transported object 1 6. 
Alternatively, the door 40 is opened and closed at pre- 
determined intervals based upon the speed at which 

45 the conveyor 14 transports the monitored objects 16 
through the X-ray scanning system 10 and the 
PGNAA scanning system 12. 

The objection detection system of Figure 1 further 
includes a profile sensor 44 for sensing the profile of 

so an object 1 6 as the object 1 6 is being transported by 
the conveyor 14 through the X-ray scanning system 
10 and the PGNAA scanning system 12 and provides 
object profile signals 46 to the first computer 30 in res- 
ponse thereto as the object 16 is being transported. 

55 The dimensions of the object 16 may be determined 
in response to the object profae signals. The fast and 
second computers 30, 32 correlate the processing of 
the X-ray data signals 26 and the processing of said 
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neutron analysis data signals 28 rn accordance with 
the object profile signals 46. The object profile signals 
46 also are used to control the timing the activation of 
the X-ray scanning system 10 for scanning the object 
16 with X-rays as the object 16 is being transported 5 
through the X-ray scanning system 10. 

The housing 18 further includes doors 48 of 
shielding material at each and of the housing 18. The 
doors 48 also open as objects 16 on the conveyor 14 
approach the doors 48 so as not to disturb the orien- 10 
tatlon of the objects 16 on the conveyor as the objects 
16 pass through said doors. The degree to which the 
doors 48, as well as the doors 40 in the wall 38, are 
opened in controlled in response to the object profile 
signals 46. Alternatively, the degree to which the 15 
doors 48, as well as the doors 40 in the wall 38, are 
opened in controlled in accordance with the object 
dimensions determined by the first computer 30 in 
response to the X-ray data signals. 

The processing of the X-ray data signals 26 and 20 
the neutron analysis data signals 28 by the first and 
second computers 30, 32 is further described with 
reference to Figure 2. 

The first computer 30 performs a first data proces- 
sing routine 50 of processing the X-ray data signals 26 25 
to determine a mass density distribution within diffe- 
rent regions of the monitored object 16 and to provide 
mass density signals 52 indicating said determined 
mass density distribution within said different regions. 
Alternatively, the routine 50 further includes sub- 30 
routines of further processing the X-ray data signals 
26 to also determine the atomic number range of the 
monitored object within said different regions and/or 
the dimensions of the monitored object and to provide 
mass density signals 52 that also indicate said deter- 35 
mined atomic number range of the monitored object 
within said different regions and/or the dimensions of 
the monitored object 

The second computer 32 performs a second data 
processing routine 54 of processing the neutron 40 
analysis data signals 28 to determine the density dis- 
tribution of a given constituent element, such as Nit- 
rogen, of said given substance, such as an explosive, 
within different regions of said monitored object 16 
and to provide constituent density signals 56 indicat- 45 
ing said determined density distribution for said given 
constituent element within said different regions. 

The second computer 32 also performs a third 
data processing routine 58 of processing mass den- 
sfty signals 52 and constituent density signals 56 50 
derived from training data produced by scanning 
known items to generate discriminants 60, 61. The 
routine 58 processes said mass density signals 52 
provided pursuant to routine 50 for known items hav- 
ing none or a known density distribution of said given 55 
constituent element in combination with said con- 
stituent density signals 56 provided pursuant to 
routine 54 for said known items to generate discrimin- 



ants 60, 61 for said known items. Alternatively, the 
routine 58 also processes said neutron analysis data 
signals 28 for known items having none or a known 
density distribution of said given constituent element 
in addition to said mass density signals 52 for said 
known items and said constituent density signals 56 
for said known items to generate said discriminants 
60, 61 for said known items. In another alternative 
embodiment the neutron analysis data signals 28, for 
said known items, but not the constituent density sig- 
nals 56 for said known items, are processed by the 
routine 58 in combination with the mass density sig- 
nals 52 to generate said discriminants 60, 61. 

The second computer 32 further performs a fourth 
data processing routine 62 of processing said discri- 
minants 60 to condition (train) a neural network to pro- 
vide an indication of whether at least said 
predetermined amount of said given substance prob- 
ably is present when processing mass density signals 
52' provided pursuant to routine 50 that are subse- 
quently discriminant conditioned in combination with 
constituent density signals 56' provided pursuant to 
routine 54 that are subsequently discriminant con- 
ditioned for monitored objects in which the density dis- 
tribution of said given constituent element in said 
different regions is unknown. 

Upon processing unknown data including X-ray 
data signals 26' and neutron analysis data signals 28' 
produced from scanning monitored objects in which 
the density distribution of said given constituent ele- 
ment in said different regions is unknown, the second 
computer 32 performs a fifth data processing routine 
63 of conditioning said mass density signals 52'and 
said constituent density signals 56'for said monitored 
objects in which the density distribution of said given 
constituent element in said different regions is 
unknown in accordance with the discriminants 61. 
The discriminants 61 define functions by which the 
mass density signals 52' and the constituent density 
signals 56' are conditioned for processing in accord- 
ance with the neural network to provide an indication 
of whether at least said predetermined amount of said 
given substance probably is present In alternative 
embodiments, the neutron analysis data signals 
28'for said unknown item are likewise conditioned by 
said discriminants 61 . 

Finally, the computer 32 performs a sixth data 
processing routine 64 of processing said discriminant 
conditioned mass density signals provided pursuant 
to routines 50 and 63 in combination with discriminant 
conditioned constituent density signals provided pur- 
suant to routines 54 and 63 for said monitored objects 
in which the density distribution of said given con- 
stituent element in said different regions is unknown 
in accordance with said neural network to determine 
whether at least said predetermined amount of said 
given substance probably is present in said monitored 
object in which the density distribution of said given 
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constituent element is unknown. 

To reduce the probability of providing a false indi- 
cation during routine 64, it is preferable to also per- 
form PGNAA scanning and resultant processing of 
the responsive neutron analysis signals 28 for an ele- 5 
ment, such as Boron, Chlorine, Hydrogen, Aluminum, 
Carbon or Iron, other the given constituent element, 
such as Nitrogen, the presence of which may modify 
the quantitative indication of the amount of the given 
constituent element (Nitrogen) provided by the neut- 10 
ron analysis signals 28. 

Accordingly, the computer 32 also performs the 
second routine 54 to process neutron analysis data 
signals 28 produced by scanning monitored objects 
containing known items having a known amount and 15 
distribution of such a modifier element to determine 
the density distribution of the modifier element within 
different regions of said monitored object 16 and to 
provide modifier element signals indicating the 
amount of or said determined density distribution of 20 
said other element within said different regions. 
These modifier signals are processed by routine 58 
together with the signals 52, 56 (and alternatively 52) 
provided for items containing none or a known amount 
of the given constituent element during the training 25 
phase in order to provide the discriminants 60, 61 ; and 
during the detection phase, such modifier signals are 
also produced by processing the neutron analysis 2. 
data signals 26' for monitored objects in which the 
density distribution of said given constituent element 30 
in said different regions is unknown pursuant to 
routine 50, and such modifier signals likewise are con- 
ditioned in accordance with the discriminants 61 pur- 
suant to routine 63. 

It also is preferred that the first routine 50 include 35 3. 
a subroutine of processing said X-ray data signals 26 
to determine the boundaries of individual items within 
said monitored object 16 to provide boundary indi- 
cation signals indicating said determined boundaries; 
and that the third routine 58, the fifth routine 63 and 40 
the fourth routine 64 include subroutines of also pro- 
cessing said boundary indication signals in combi- 4. 
nation with said mass density signals 26. 

The third routine 58, the fifth routine 63 and the 
fourth routine 64 may include subroutines of proces- 45 
sing said object dimension determinations by the first 
computer 30 together with the other signals proces- 
sed by these routines. 

5. 

50 

Claims 

1. A system for detecting the presence of a given 
substance within a monitored object, comprising 

an X-ray scanning system (10); 55 
a neutron analysis scanning system (12); 
means (14) for transporting a monitored 
object (16) through the X-ray scanning system 



and the neutron analysis scanning system; 

wherein the X-ray scanning systam is 
adapted for scanning said transported monitored 
object with X-rays and for providing X-ray data 
signals (26) in response to said X-ray scanning of 
said transported monitored object; 

wherein the neutron analysis scanning 
system is adapted for scanning said transported 
monitored object with neutrons and for providing 
neutron analysis data signals (28) in response to 
said neutron analysis scanning of said transpor- 
ted monitored object; 

a data processing system (30, 32) for pro- 
cessing the X-ray data signals for said transpor- 
ted monitored object and/or the neutron analysis 
data signals for said transported monitored object 
to provide an indication as to whether said trans- 
ported monitored object contains at least a pre- 
determined amount of a given substance; and 

a common housing (18) for both the X-ray 
scanning system and the neutron analysis scan- 
ning system, with the housing having common 
radiation shielding material (20) positioned for 
shielding persons and objects outside of the 
housing from both X-rays and radiation generated 
by the neutron analysis scanning system. 

A system according to Claim 1 , wherein the trans- 
porting means (14) are adapted for transporting 
said monitored object (16) through the X-ray 
scanning system (10) prior to transporting said 
monitored object through the neutron analysis 
scanning system (12). 

A system according to Claim 2, wherein the data 
processing system (30, 32) includes means for 
adjusting the processing of the neutron analysis 
signals (28) in accordance with said X-ray data 
signals (26) provided by the X-ray scanning sys- 
tem (10) for said given object 

A system according to Claim 2, further comprising 
means for adjusting the TNA scanning 
system (12) when scanning a given object in 
accordance with said X-ray data signals (26) pro- 
vided by the X-ray scanning system (10) for said 
given object 

A system according to Claim 1, comprising a wall 
(38) of shielding material between the X-ray scan- 
ning system (10) and the neutron analysis scan- 
ning system (12) for shielding the X-ray scanning 
system from the neutron analysis scanning sys- 
tem during said scanning; 

wherein the wall contains a door (40) that 
is openable for permitting objects transported by 
the transporting means to be transported be- 
tween the X-ray scanning system and the neutron 
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analysis scanning system; and 

means (42) for opening the door when a 
said object being transported by the transporting 
means approaches the door. 

5 

6. A system according to Claim 5, further comprising 

means (44) for sensing a profile of said 
object as said object is being transported by said 
transporting means and for providing object pro- 
file signals (46) in response thereto as said object 10 
is being transported; and 

means for controlling the degree to which 
the door is opened in accordance with said object 
profile signals. 

75 

7. A system according to Claim 1 , comprising a wall 
(38) of shielding material between the X-ray scan- 
ning system (10) and the neutron analysis scan- 
ning system (12) for shielding the X-ray scanning 
system from the neutron analysis scanning sys- 20 
tern during said scanning; 

wherein the wall contains a door (40) that 
is openable for permitting objects transported by 
the transporting means to be transported be- 
tween the X-ray scanning system and the neutron 25 
analysis scanning system; 

means (42) for detecting when a said 
object being transported by the transporting 
means approaches the door, and 

means (42) for opening the door in res- 30 
ponse to detection said approachof said transpor- 
ted object 

8. A system according to Claim 1 , further comprising 

means (44) for sensing a profBe of said 35 
object as said object is being transported by said 
transporting means and for providing object pro- 
file signals (46) in response thereto as said object 
is being transported; and 

means (30. 32) for correlating the proces- 40 
sing of said X-ray data signals (26) and the pro- 
cessing of said neutron analysis data signals (28) 
in accordance with said object profile signals. 

9. A system according to Claim 1 , further comprising 45 

means (44) for sensing a profBe of said 
object as said object is being transported by said 
transporting means and for providing object pro- 
file signals (46) in response thereto as said object 
is being transported; and 50 

means for timing the activation of the X-ray 
scanning means in accordance with said object 
profile signals. 

1 0. A system according to Claim 1 , wherein the data 55 
processor (30, 32) is adapted for performing the 
following data processing routines: 

(a) processing (50) the X-ray data signals (26) 



to determine a mass density distribution within 
different regions of said monitored object and 
to provide mass density signals (52, 52') indi- 
cating said determined mass density distribu- 
tion within said different regions; 

(b) processing (54) the neutron analysis data 
signals (28) to determine the density distribu- 
tion of a given constituent element of said 
given substance within different regions of 
said monitored object and to provide con- 
stituent density signals (56, 56') indicating 
said determined density distribution for said 
given constituent element within said different 
regions; 

(c) processing (58) said mass density signals 
(52) provided pursuant to routine (a) for known 
items having none or a known density distribu- 
tion of said given constituent element in com- 
bination with said constituent density signals 
(56) provided pursuant to routine (b) for said 
known items to generate discriminants (60, 
61 ) for said known items; 

(d) processing (62) said discriminants (60) to 
condition a neural network to provide an indi- 
cation of whether at least said predetermined 
amount of said given substance probably is 
present when processing discriminant con- 
ditioned mass density signals provided pur- 
suant to routine (a) in combination with 
discriminant conditioned constituent density 
signals provided pursuant to routine (b) for 
said monitored objects in which the density 
distribution of said given constituent element 
in said different regions is unknown; 

(e) conditioning (63) said mass density sig- 
nals (52') provided pursuant to routine (a) and 
said constituent density signals (56') provided 
pursuant to routine (b) for monitored objects in 
which the density distribution of said given 
constituent element in said different regions is 
unknown in accordance with said discrimin- 
ants (61 ); 

(0 processing (64) said discriminant con- 
ditioned mass density signals provided pur- 
suant to routines (a) and (e) in combination 
with discriminant conditioned constituent den- 
sity signals provided pursuant to routines (b) 
and (e) for said monitored objects in which the 
density distribution of said given constituent 
element in said different regions is unknown in 
accordance with said neural network to deter- 
mine whether at least said predetermined 
amount of said given substance probably rs 
present in said monitored object in which the 
density distribution of said given constituent 
element is unknown. 

11. A system for detecting the presence of a given 
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substance within a monitored object, comprising 
an X-ray scanning system (10) for scan- 
ning a monitored object (16) with X-rays and for 
providing X-ray data signals (26) in response to 
said X-ray scanning of said monitored object 5 

a neutron analysis scanning system (12) 
for scanning said monitored object with neutrons 
and for providing neutron analysis data signals 
(28) in response to said neutron analysis scan- 
ning of said monitored object; and 10 

a data processing system (30, 32) for pro- 
cessing the X-ray data signals for said monitored 
object and the neutron analysis data signals for 
sakJ monitored object to provide an indication as 
to whether said monitored object contains at least 1 s 
a predetermined amount of a given substance, 
wherein the data processor is adapted for per- 
forming the following data processing routines: 

(a) processing (50) the X-ray data signals to 
determine a mass density distribution within 20 
different regions of said monitored object and 

to provide mass density signals (52, 52*) indi- 
cating said determined mass density distribu- 
tion within said different regions; 

(b) processing (54) the neutron analysis data 25 
signals to determine the density distribution of 

a given constituent element of said given sub- 
stance within different regions of said monft- 
ored object and to provide constituent density 
signals (56, 56') indicating said determined 30 
density distribution for said given constituent 
element within said different regions; 

(c) processing (58) said mass density signals 
(52) provided pursuant to routine (a) for known 
items having none or a known density distribu- 35 
tion of said given constituent element in com- 
bination with said constituent density signals 

(56) provided pursuant to routine (b) for said 
known items to generate discriminants (60, 
61 ) for said known items; 40 

(d) processing (62) said discriminants (60) to 
condition a neural network to provide an indi- 
cation of whether at least said predetermined 
amount of said given substance probably is 
present when processing discriminant con- 45 
ditbned mass density signals provided pur- 
suant to routine (a) in combination with 
discriminant conditioned constituent density 
signals provided pursuant to routine (b) for 
said monitored objects in which the density so 
distribution of said given constituent element 

in said different regions is unknown; 

(e) conditioning (63) said mass density sig- 
nals (520 provided pursuant to routine (a) and 
said constituent density signals (560 provided 55 
pursuant to routine (b) for monitored objects in 
which the density distribution of said given 
constituent element in said different regions is 



unknown in accordance with said discrimin- 
ants (61); 

(f) processing (64) said discriminant con- 
ditioned mass density signals provided pur- 
suant to routines (a) and (e) in combination 
with discriminant conditioned constituent den- 
sity signals provided pursuant to routines (b) 
and (e) for said monitored objects in which the 
density distribution of said given constituent 
element in said different regions is unknown in 
accordance with said neural network to deter- 
mine whether at least said predetermined 
amount of said given substance probably is 
present in said monitored object in which the 
density distribution of said given constituent 
element is unknown. 

12. A system according to Claim 1 1 , further compris- 
ing the routine of 

(g) processing (54) the neutron analysis data 
signals (28) to determine the amount of or the 
density distribution in the monitored object of 
an element other the given constituent ele- 
ment, the presence of which other element 
may modify a quantitative indication of the 
amount of the given constituent element pro- 
vided by the neutron analysis signals within 
different regions of said monitored object, and 
to provide modifier element signals (56) indi- 
cating the amount of or said determined den- 
sity distribution of said other element within 
said different regions; 



wherein routine (c) comprises the routine 

(h) processing (58) said mass density signals 
(52) provided pursuant to routine (a) for known 
items having none or a known density distribu- 
tion of said given constituent element and hav- 
ing none or a known amount or density 
distribution of said other element in combi- 
nation with said constituent density signals 
(56) provided pursuant to routine (b) and mod- 
ifier element signals (56) provided pursuant to 
routine (g) for said known items to generate 
discriminants (60, 61) for said known items; 



wherein routine (d) comprises the routine 

(i) processing (62) said discriminants (60) to 
condition a neural network to provide an indi- 
cation of whether at least said predetermined 
amount of said given substance probably is 
present when processing discriminant con- 
ditioned mass density signals provided pur- 
suant to routine (a) in combination with 
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(52) provided pursuant to routine (a) for known 
items having none or a known density distribu- 
tion of said given constituent element in com- 
bination with said constituent density signals 
5 (56) provided pursuant to routine (b) and said 

neutron analysis signals (28) for said known 
items to generate said discriminants (60, 61) 
for said known items. 



discriminant conditioned constituent density 
signals provided pursuant to routine (b) and 
discriminant conditioned modifier element sig- 
nals provided pursuant to routine (f) for said 
monitored objects in which the density dis- 
tribution of said given constituent element in 
said different regions is unknown; 



wherein routine (e) comprises the routine 1 o 

(j) conditioning (63) said mass density signals 
(52') provided pursuant to routine (a), said 
constituent density signals (56') provided purr 
suant to routine (b) and modifier element sig- 15 
nals (56') provided pursuant to routine (f) for 
monitored objects in which the density dis- 
tribution of said given constituent element in 
said different regions is unknown in accord- 
ance with said discriminants; and 20 

wherein routine (f) comprises the 
routine of 

(k) processing (64) said discriminant con- 
ditioned mass density signals provided pur- 2s 
suant to routines (a) and (j) in combination 
with discriminant conditioned constituent den- 
sity signals provided pursuant to routines (b) 
and (j) and discriminant conditioned modifier 
element signals provided pursuant to routines 30 

(f) and (j) for said monitored objects in which 
the density distribution of said given con- 
stituent element in said different regions is 
unknown in accordance with said neural net- 
work to determine whether at least said pre- 35 
determined amount of said given substance 
probably is present in said monitored object in 
which the density distribution of said given 
constituent element is unknown. 

40 

13. A system according to Claim 11 or 12, wherein 
said X-ray scanning system (10) is adapted for 
scanning said objects with multiple energy X- 
rays; and 

wherein routine (a) comprises the routine 45 

of 

(I) processing (50) X-ray data signals (26) 
determine an atomic number range and a 
mass density distribution within different reg- 
ions of said monitored object and to provide so 
mass density signals (52, 52T) indicating said 
atomic number range and said determined 
mass density distribution within said different 
regions. 

55 

14. A system according to Claim 11, wherein routine 
(c) comprises the routine of 

(g) processing (58) said mass density signals 



15. A system according to Claim 11, wherein routine 
(a) comprises the routine of 

(g) processing (50) the X-ray data signals (26) 
to determine the dimensions and a mass den- 
sity distribution within different regions of said 
monitorad object and to provide mass density 
signals (54, 54')indicating said dimensions 
and said determined mass density distribution 
within said different regions. 

16. A system according to Claim 11, wherein routine 
(a) includes a subroutine of processing said X-ray 
data signals to determine the boundaries of indi- 
vidual items within said monitored object to pro- 
vide boundary indication signals indicating said 
determined boundaries; and 

wherein routines (c) and (e) include sub- 
routines of also processing said boundary indi- 
cation signals in combination with said mass 
density signals. 

17. A system according to Claim 1, 10 or 1 1, wherein 
the neutron analysis scanning system (12) is a 
prompt gamma neutron activation analysis 
(PGNAA) scanning system. 
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